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(57) ABSTRACT 
Localization of remote devices by: the emission of pulses 
from acoustic transmitters, Who se Wavefronts propagate in 
the space region occupied by the remote devices and ?nally 
reach them; the emission of radiofrequency pulses from each 
remote device at the time of detection of the Wavefront by an 
on-board microphone; the acquisition, by a radio base, of the 
radiofrequency signals propagating from the remote devices, 
to evaluate the arrival time delays proportional to the distance 
between the i-th acoustic source and the j-th remote device; 
the formation of a reception vector for each emission by the 
i-th source, this vector having a maximum length M equal to 
the number of remote devices and consisting of the sequence 
of distances obtained as the product of the reception times and 
the estimated sound velocity. These steps are repeated for all 
acoustic sources, to form N+1 reception vectors, to calculate 
the position of the device by solving derived matrix equa 
tions. 
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METHOD FOR LOCALIZING REMOTE 
DEVICES, USING ACOUSTICAL AND 

ELECTROMAGNETIC WAVES 

TECHNICAL FIELD 

The invention relates in general to a techniqueiand to the 
related apparatusifor localizing identical, remote devices. 
More speci?cally, it relates to a localiZation method (position 
determination method) Which uses quick search protocols 
optimised also under the aspect of noise immunity. 

BACKGROUND ART 

Methods for estimating a distance, normally used for mea 
suring distances in one dimension only, are already knoWn. 
Some systems Were based on ultrasonic methods, Which 
detect the echo of the pulse and utilise highly directional 
transducers pointing toWards the target, in order to measure 
the position and distance. With such technique, the distance 
betWeen a transducer and a receiver is indirectly determined 
by means of the elapsed time, normally called “?ight time”, 
during Which the signal generated at the transmitter impinges 
on the receiver and is re?ected back to the transmitter. 

Distances are determined by measuring the elapsed time 
starting from the emission of the pulse that travels from the 
transmitter to each of the receivers. The computation of coor 
dinates is usually done using simple triangulation and/ or lat 
eration. 
More recently, sensors and distributed calculus systems in 

combination With high-density Wireless netWorks for the col 
lection and the distribution of environmental data, have 
become Widespread, due to their important relation With 
problems like public Welfare, society, environment protec 
tion, etc. The basic idea consists in distributing in a space 
region a great number of sensors With all-suf?cient supply 
and having a loW unitary cost, capable of forming the nodes 
(branch points) of a Wireless network, of acquiring data, and 
of performing simple processing operations. These sensors 
may for instance include temperature sensors, humidity sen 
sors, illumination sensors, acoustic microphones or ultra 
sonic sensors, magnetic sensors, inertial sensors, or optical 
sensors. 

A typical goal of a sensor netWork is to detect, monitor and 
classify objects or events, or to measure the value of param 
eters in the neighborhood of this netWork. 

For example, one can imagine to construct the netWork 
nodes as small as maiZe seeds, provided With micro-batteries 
and capable of measuring the temperature and humidity, of 
transmitting the acquired data to a radio base, and above all, 
of determining their oWn position (localization) With respect 
to a given reference frame. A farmer could “seed” the nodes of 
the netWork in a maiZe ?eld, and these Would then transmit an 
accurate map of the temperature and humidity of the soil 
detected on the Whole ?eld. Other very promising applica 
tions concern home automation (domotics) and Will alloW to 
monitor the position and parameters of objects and persons 
inside a house, to govern the management of storehouses, and 
more generally the logistics, in order to be able to determine 
the position and to control the How of products, and lastly, to 
perform the automatic survey of excavations and manufac 
tured articles. 

In general, the netWork structure can be “summed up” as 
folloWs: a certain number of loW-cost nodes provided With 
adequate sensor properties, With limited processing capabili 
ties, and provided With a communication system With a loW 
energy consumption, are distributed inside a given space 
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region. The measured entities are pre-processed locally, and 
the result is transmitted to a local central station (Central 
Information Processor, CIP) through a loW-poWer communi 
cation netWork. The CIP system processes the information 
transmitted from the sensors and sends the result to a process 
ing centre of higher hierarchical level [1, 2, 3, 4, 5, 6]. Certain 
algorithms for processing the data provided by the sensors 
present in the netWork nodes assume that the position of each 
node is given [7]. HoWever, often a suf?ciently accurate 
knoWledge of the node positions is not available. The single 
nodes are often positioned on the ?eld by persons, or by 
throWing them from aeroplane platforms. A particular case 
concerns nodes provided With position sensors. These nodes 
may for instance be positioned on objects or persons Whose 
position it is desired to continuously monitor in time, and the 
desired output from the system then consists in the knoWledge 
of the position of each sensor With respect to a reference 
frame. 

To this end, each node could be provided With a Global 
Positioning System (GPS), but this solution Would be very 
expensive and Would increase signi?cantly the energy con 
sumption of each node. Moreover, the spatial resolution pro 
vided by the GPS could be insu?icient for many applications, 
like the accurate determination of the position (localiZation) 
of objects and persons inside a house. Self-localization in 
netWorks of sensors is noWadays a very active ?eld of 
research [3, 7, 8, 9]. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an inge 
nious algorithm for the determination of the position of 
remote devices, Which is based on the joint use of acoustic and 
electromagnetic Waves, and is characterised by a high reli 
ability and immunity With respect to ambient noise. 
A further object of the present invention resides in the 

ability of determining the position of identical remote devices 
Which are not provided With any kind identi?cation code. 
An additional object of the present invention is to provide 

a method for detecting remote devices by using acoustical and 
electromagnetic Waves, Which is based on the use of standard 
technologies and protocols that are already knoWn in the ?eld 
of remote detection and of electronic technologies, in order to 
facilitate maintenance and improve reliability While limiting 
costs at the same time. 

These and other objects are attained by means of a system 
(apparatus) for detecting the position, and by a related tech 
nique for the determination of the coordinates of M devices 
arranged on points of interest in an N-dimensional coordinate 
system, according to the principles illustrated in the appended 
claims. 
The apparatus includes a system of transmitters of an 

acoustical kind, for the emission of acoustic signals toWards a 
plurality of receivers positioned according to the speci?c 
coordinates of the points of interest. 
The method provides analysis means associated With the 

apparatus, Which are capable of proces sing the measurements 
related to the distances betWeen the transmitter and each 
receiver. The analysis means comprise in turn detection 
means and data processing means. The detection means ?rst 
produce acoustic pulses Whose emission times are detected, 
and then the respective measurements are performed, relating 
to the time period betWeen the signal transmission and the 
reception by the receiver of the corresponding electromag 
netic Wave. The calculation means are used to process the 
measurements of the times and therefore of the acquired 
distances. More speci?cally, a set of “lighthouses”, or 
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“buoys”, emits a sequence of acoustical pulses or ultrasound 
pulses inside the space region containing the remote devices, 
that is, the network elements. At the time each remote device 
is reached by the acoustical wavefront, it transmits, indepen 
dently of all other devices, an acknowledge signal to the radio 
base (or CIP), in the form of a radiofrequency signal (RF) in 
the free ISM band. The radio base knows the positions of the 
“lighthouses” and the arrival times of the acknowledge sig 
nals, and based on these data it calculate the position of each 
remote device, using a robust algorithm. The algorithm, tak 
ing advantage of the geometrical constraints of the problem, 
is capable of eliminating false acknowledge signals due to 
undesired acoustical re?ections, to environmental distur 
bances, or other causes. 

The system is capable of operating in noisy environments 
with hundreds of remote devices located in spatial regions of 
hundreds of square meters. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

For the only purpose of more clearly illustrating the inven 
tion, but without limiting in this way its applicability and 
scope, in the following description some speci?c embodi 
ments will be described by referring to the annexed FIG. 1, the 
latter showing a schematic representation by functional 
blocks of the “way of operation” of the present invention. 

The proposed system is based on a network structure in 
which the whole computational power is concentrated inside 
the radio base 2 unit, while the localiZation section for detect 
ing the individual remote devices 3', 3", . . . , 3M is extremely 

simple; in addition, the capability of localizing identical 
remote devices allows a mass production of remote devices 
and an enormous reduction of production costs. 

The proposed system can take advantage of the integration 
on a single chip of: a computing unit with sensors, circuits for 
conditioning and converting a signal, and a wireless commu 
nication electronics, thereby allowing to construct complete 
systems, the so-called systems-on-chip (SOC), which render 
the present system even more attractive. 
A system will be described together with a related method 

for determining in an N-dimensional reference system the 
position of a multiplicity of remote devices, which possibly 
are provided with on-board sensors, wherein, these remote 
devices 3 receive signals from appropriate acoustic or ultra 
sonic emitters 4 whose number is N+l or more. 
The system therefore includes a plurality of emitters 

4', 4", . . . , 4N+1 of acoustic or ultrasonic waves which are 

called “lighthouses” or “buoys” and which emit a sequence of 
acoustical pulses or ultrasonic pulses in the region of space 
containing the remote devices, whose position is to be deter 
mined in relation to the given reference frame. The pressure 
waves propagate through the (gaseous, liquid or solid) 
medium and reach the remote devices 3', 3", . . . 3”’ 

In the instant of time when each device is reached by the 
acoustical wave front, it transmitsiindependently from all 
other devicesian omnidirectional, acknowledge radiofre 
quency signal (RE), which is detected by the radio base unit 
(or CIP). The radio base 2 is aware of the positions of the 
acoustical “lighthouses” 4', 4", . . . , 4N+1 and of the arrival 

time delays of the acknowledge signals, and based on these 
data it computes the position of each node, making use of a 
robust algorithm described below. 

Each remote device 3 is formed at least by the following 
components: 

a microphone operating in the acoustical band of interest 
and detecting the behaviour of the acoustical pressure 
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4 
?eld at the sensor position and the arrival of the wave 
fronts emitted by the lighthouses; 

a signal conditioning circuit (impedance adaptation, 
ampli?er, off-band noise rejection ?lter); 

a signal recognition system, that identi?es the useful signal 
among all received sounds (in its simplest form this will 
be a threshold detecting circuit, or a circuit capable of 
effecting a comparison by means of a cross-correlation 
with a sample signal, a circuit for estimating statistical 
indicators, neural networks, etc.); 

a RF transmitter in an adequate band (for instance ISM), 
for communicating the already occurred reception to the 
base station; possibly, for the purpose of a correct asso 
ciation of the reading of the on-board sensors with the 
remote device position in the reference system, the 
transmitter should be able to transmit a code that univo 
cally identi?es the remote device and the data read by its 
sensors; 

a controller, whose task is to manage the reception of the 
acoustic signal, the processing of the signal, and the 
transmission of the occurred reception. 

The radio base 2 is formed at least by the following com 
ponents: 
N+l transmitters of acoustic or ultrasonic pulses, whose 

band is selected according to the accuracy requirements 
of the position determination (localiZation), to the maxi 
mum distance of the remote devices 3', 3", . . . 3M from 

the emitters, and to the noise-free character of the opera 
tions; the transmitter positions within the given refer 
ence frame is known with su?icient accuracy; 

a RF receiver, suited to detect signals related to the posi 
tioning and reading of on-board sensors, that are emitted 
by the individual remote devices; 

a calculation system used for calculating the position of the 
remote devices 3', 3", . . . , 3”’ starting from the difference 

between the emission times of the acoustical pulse and 
the reception of the radiofrequency signal; 

an algorithm, performed by the calculation system of the 
radio base 2, which is based on a matrix formulation of 
the localiZation problem and is suited to provide the 
position of the remote devices 3', 3", . . . 3M in the given 
reference frame. 

Operational Modalities of the Position Detecting (LocaliZa 
tion) System 
The ?rst acoustic transmitter emits a possibly coded pulse; 

the acoustical wave front propagates in the space region occu 
pied by the remote devices 3', 3", . . . 3M reaching these latter. 
The remote devices emit the RF pulse at the time of detection 
of the wave front by their on-board microphone. Then, the 
base station 2 detects and records the RF signals arriving from 
the remote devices 3', 3", . . . 3”’, which for the time being are 
assumed to be identical and not coded and permit to estimate 
the arrival times. The arrival times are proportional to the 
distance dlj between the i-th acoustical source and j -th remote 
device. 

In the absence of noise (e.g. acoustic re?ections due to the 
environment), the number of received signals corresponds to 
the number of remote devices reached by the acoustical wave 
front with su?icient energy. 
The measurement of the ?ight time between the emission 

from the i-th source and the receipt by the j -th remote device, 
allows to determine the distance between the source and the 
remote device, by assuming ?rst that the propagation velocity 
is known, constant in time, and the same in all the space 
region of interest. For each emission by the i-th source, a 
reception vector D1- is formed, consisting of the set of dis 
tances obtained from the products of the reception times by 
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the estimated sound velocity. The listening time window is 
selected by taking account of the maximum useful distance of 
the remote devices. Generally, in a noise-free situation, the 
vector D,- has a maximum length M corresponding to the 
number of remote devices 3', 3", . . . 3”’. When acoustic or 

electromagnetic noise is present, which could be erroneously 
interpreted as additional reception signals, the reception vec 
tor has a length Li>M. By repeating the above discussion for 
all acoustic sources, or buoys, one obtains N+l reception 
vectors. 

The position Xj:(xlj, x2j . . . xNj) ofthej-th device may be 
calculated from the N+l distances d1], d2], . . . dN+1 j, as the 
intersection point of the N+l spheres of radius dlj centred at 
the positions (xSi, ySi, Zsi, where iIl, 2, . . .N+l) ofthe N+l 
acoustic sources. If N:3, putting xljqzjwj, X3j:Z]-, one 
obtains: 

Subtracting the ?rst equation from the other ones, the result 
is a linear system with 3 equations and 3 unknowns (xj, yj, Z), 
the latter being the coordinates of the remote device in the 
3-dimensional reference system de?ned for the acoustical 
sources: 

The above equation may be rewritten in compactly matrix 
form: 

AXjIBj, (3) 

and solved as follows: 

It is possible to show that by appropriately positioning the 
sources, the matrix A is invertible [10]. 
The position xj of the j -th remote device may be calculated 

from A, which in turn is given by the known positions of the 
sources and from the (N+l)—ple (dlj, d2], . . . dN+1 j). Unfor 
tunately, due to the system structure and to the sequence of the 
above described operations, it is impossible to distinguish a 
priori, for each remote device j, the N+l—ple (dlj, d2], . . . 
dN+1 1-) within the reception vectors (D1, D2, DNH). 

Therefore, an adequate search algorithm is necessary, that 
allows to select the possible candidates (dlj, d2], . . . dN+l]-), 
within the reception vectors (D1, D2, . . . DNH). Thereafter, 
the vector Xj is calculated by means of equation (4). 

The vector X]. is then evaluated in equation (1 ), and it can be 
considered an admissible solution of the localiZation problem 
provided the obtained residue is Zero or less than a predeter 
mined threshold, the latter taking account of the total noise 
affecting the calculation as a whole. 
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6 
The above steps are repeated until the positions of all the 

other M remote devices 3'. 3", . . . 3M have been calculated. 

The search algorithm plays a fundamental role in the above 
described operations. In fact, in the absence of an appropriate 
strategy, in the worst case and in the absence of noise, a 
number of MN+1 evaluations must sequentially be performed 
on the equation (4) and equation (1), and this number could be 
very high. For example, for N:3 (3D case) and MIIOO, the 
number of evaluations is 10. 

In case of noise/disturbances, the number of evaluations 
increases up to Ll~L2~ . . . LNH, with Li>M. 
An appropriate search algorithm will now be described, 

allowing to considerably reduce the computational work, 
which is based on the consideration that the sources are 
located within a sphere of radius rmax and the elements of each 
N+l ple (dlj, d2], . . . dN+lj) therefore do not differ from each 
other by more than 2rmax. 
The algorithm operates as follows: 
from one of the vectors Di, eg from the vector D1, one 

extracts the ?rst element, d1 1; 
from the remaining vectors DZ. (i:2, 3, . . . N+l) one extracts 

all elements which differ at most by 2rmax, and which 
consequently are possible candidates. For reasonable 
choices of rmax the number of such elements slightly 
exceeds N+l; 

all combinations of extracted elements are calculated, 
without exchange between elements of different vectors, 
and said combinations are used to compute a set of X]. 
from eq. (4); 

if one combination produces, by eq. (4), a Zero 0 su?i 
ciently small residue in eq. (1), then the ?rst extracted 
element dll is a valid reception signal. In this case the 
just obtained coordinate of the remote device is stored 
and the N+l elements giving rise to the vector x], which 
is a solution of equation (1), are eliminated from the 
respective vectors Di; 

otherwise, none of the combinations gives a valid result, 
and so it may be concluded that the ?rst element 
extracted from the vector D 1 is not valid, that is, it cor 
responds to a disturbance (noise). This element is 
removed from the vector D1; 

afterwards, in both of the previous cases, the ?rst element 
of D1 is selected again and the previous steps are 
repeated until the elements of the vector D 1 are 
exhausted. As a result of this algorithm, the coordinates 
of all M remote devices are surely identi?ed. In the 
vectors DZ. (i#l) there remain LZ.—M residual elements 
corresponding to the received disturbances. 

The proposed system can operate also in a different modal 
ity, the so-called “single shot” modality. In this modality, the 
acoustic sources simultaneously emit their pulses, which can 
be indistinguishable one form the other for what concerns the 
behaviour of the signal. This implies a simpli?cation of the 
hardware, that provides the same pulse transducer unit for all 
acoustic sources, and an advantage in terms of frequency of 
repetition of the pulses, and therefore of the refresh times of 
the positions, since only one acoustic wave front propagation 
time must be awaited in the space region of interest, instead of 
N+l propagation times. 
The difference with respect to the preceding modality con 

sists in that it is no more possible to distinguish N+l reception 
vectors, but there is only one vector D. There results that the 
relative position, or i-index of each element di], remains unde 
termined, within the available data, while in the foregoing 
case the index i of each element d7]- is ?xed and known. 
Consequently, during the search of the elements belonging to 
the j-th N+l—ple, one must consider also the exchange of 
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position in the N+1-ple of the elements extracted from the 
vector D, and this fact considerably increases the computa 
tional load. 

The above described algorithm lends itself also to the sys 
tem operation in the single-shot modality. 

Actually, it suf?ces to apply the algorithm to N+1 identical 
vectors, each of Which is a copy of the only one available 
vector D. 
Computation of the Local-Velocity 
A greater level of localiZation accuracy can be attained by 

evaluating from time to time the sound velocity on the (aver 
age) distance/path from the sources to a single remote device, 
since the variation of the sound velocity With temperature, 
humidity, air pressure, and especially in case of atmospheric 
disturbances, may not be neglected. At this point, eq. (2) is 
modi?ed approximately as folloWs: 

Where tlj is the arrival time of the Wave front emitted from the 
i-th source toWards the j-th remote device. Here, one consid 
ers the N+2—ple (tlj, t2], . . . tN+2]-), Within the reception vectors 

(T1: T2: - ~ - TN+2)' 
The solution is analogous to equations (3) and (4). The 

required sources are 5 or, in general, N+2. The matrix A must 
be inverted for each calculation of X]. that involves v], the 
average sound velocity along the path form the source and the 
remote device. As in the previous case, it is possible to shoW 
that A is invertible, by appropriately arranging the sources. 

The calculation proceeds as in the previous case, substitut 
ing (D1, D2, DN+1)With(T1, T2, . . . TN+2), and is complicated 
by the fact that it is necessary to invert the matrix A for each 
evaluation of X], and by the fact that the number of sources is 
increased, eg from 4 to 5 in the 3D case. 
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The invention claimed is: 
1. A method for localiZation of M remote devices 

(3', 3", . . . 3”’) by their coordinates Within an N-dimensional 
system, through a) the emission of acoustical pulses and b) 
the emission of radiofrequency pulse from each remote 
device (3', 3", . . . 3”’), at the time of detection of said acous 
tical Wave front by its on-board microphone, and c) the acqui 
sition from a radio base (2) unit, of the radiofrequency signals 
and time delays Which are proportional to the distance (dz-J) 
betWeen the i-th acoustical source (4) and the remote j-th 
device (3); 

comprising: 
difor each emission from the i-th source, successive 

insertion of components in a reception vector (Di), 
formed by the sequence of distances obtained from the 
product of the arrival time delays With an estimated 
sound velocity, said vector, 

iiin the absence of disturbances, having a maximum 
length M corresponding to the number of remote 
devices; 

iiiin presence of disturbances of an acoustical or electro 
magnetic kind, that could erroneously be interpreted as 
additional reception signals, being “oversiZed” accord 
ing to the noise/disturbances, the number of evaluations 
being increased up to Ll~L2~ . . . LNH, With Li>M; 

eirepetition of the steps a, b, c, d for all N+1 acoustical 
sources, in order to form N+1 reception vectors; 

fithe calculation of the position Xj:(x1j,x2j, . . . xNj) of the 
j-th remote device, starting from the N+1 distances d1], 
d2], . . . dMU, as the intersection point of N+1 spheres of 
radius dy- centred at the positions (xSi, ySi, Zsi, Where 1:1, 
2, . . . N+1), ofthe N+1 acoustical sources. 

2. The method for localiZation of remote devices 
(3', 3", . . . 3”’) by their coordinates Within a 3-dimensional 
system according to claim 1, Wherein after putting xljqj, 
xzjwj, X3j:Z]-, one folloWs the folloWing steps of matrix cal 
culus: 

aisubtraction of the ?rst equation from the other equa 
tions, in the system 

in order to obtain a linear system of three equations With 
three unknoWns (xj, yj, Zj) from Which one obtains the 
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matrix equation for the coordinates of the remote device 
in the 3-dimensional reference system de?ned for the 
acoustical sources; 

bisolving the above equation in vector form, 

the matrix A being invertible due to the arrangement of the 
sources, and calculating the position X j of the j -th remote 
device (3) based on the knowledge of A determined from 
the knoWn positions of the sources, and from the N+l 
ple (dlj, d2], . . . dmu). 

3. The method for localiZation of remote devices 
(3', 3", . . . 3”’) by their coordinates Within an N-dimensional 
system, according to claim 1, Wherein an a priori distinction 
for each remote device j, of the N+l-ple (dlj, d2], . . . dMU) 
Within the reception vectors (D 1, D2, . . . DN+ 1), occurs 
according to a search procedure that selects the possible can 
didates (dlj, d2], . . . dN+l]-,) Within the reception vectors (D1, 
D2, . . . DN+ 1), in order to calculate the vector Xj by the 
equation Xj:A_lBj (4), said vector Xj being considered in 
equation (1) an admissible solution of the localiZation prob 
lem, provided that the obtained residue is Zero, or less than a 
predetermined threshold taking account of the total noise 
affecting the calculation as a Whole. 

4. The method for localiZation of remote devices 
(3', 3", . . . 3”’) by their coordinates Within an N-dimensional 
system, according to claim 1, Wherein, in case the sources lie 
Within a sphere of radius rmax so that the elements of each 
N+l-ple (dlj, d2], . . . dN+1]-) do not differ from each other by 
more than 2rmax, the reduction of the computational Work is 
obtained by a process comprising the folloWing steps: 

i%xtracting the ?rst element from one of the vectors Di; 
iiiextracting from the remaining vectors Di, all elements 

that differ at most by 2rmax, and Which therefore are 
possible candidates, the number of these elements 
slightly exceeding N+l for reasonable choices of rmax; 

iii4calculating all combinations of the extracted ele 
ments, Without exchanging the elements of different 
vectors, these combinations being used for calculating a 
set of X]. from equation (4); 

ivaiif, via equation (4) one of said combinations gives a 
null or suf?ciently small residue in equation (1), acquir 
ing the ?rst extracted element as a valid reception signal, 
and memorising the just obtained coordinate of the 
remote device While eliminating, from the respective 
vectors D, the N+l elements Which produce the vector 
X]. solution of equation (1); 

iv.biif, none of the above combinations provides a valid 
result, invalidating the ?rst element extracted from the 
vector, Which represents a disturbance to be eliminated 
from that vector; 

viafter both of the above cases iv.a and iv.b, selecting 
again the ?rst element of D1- and iterating the steps i, ii, 
iii, iv, until the elements of the vector are exhausted. 

5. The method for localiZation of remote devices 
(3', 3", . . . 3”’) by their coordinates Within an N-dimensional 
system, according to claim 1, 

Wherein all acoustic sources, tuned according to a single 
pulse emitting source, simultaneously emit their pulses 
Which are possibly indistinguishable from each other in 
their signal behaviour, thereby using a single frequency 
of pulse repetition and establishing a Wait regime bound 
to a single propagation time for the acoustical Wave 
fronts in the space region of interest. 

6. The method for localiZation of remote devices by their 
coordinates Within an N-dimensional system, according to 
claim 4, Wherein When using only one reception vector (D) for 
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10 
the search of the elements belonging to the j-th N+l-ple, one 
also takes account of the exchange of position Within the 
N+ l -ple, of the elements extracted from the vector D, in order 
to employ a procedure involving N+l vectors DZ- identical to 
each other, each one being a copy of the unique available 
vector D, the procedure comprising the folloWing steps: 

i4extracting the ?rst element from one of the vectors Di; 
iiiextracting from the remaining vectors DZ. all elements 

differing from each other at most by 2rmax and Which 
therefore are possible candidates, the number of such 
elements slightly exceeding N+l for reasonable choices 
of rmax; 

iii4calculation of all combinations of extracted elements 
Without exchanging elements belonging to different 
vectors, these combinations being used for 

calculating a set of Xj from equation (4); 
ivaiif, in equation (1) one of these combinations, based 

on equation (4), produces a null or suf?ciently small 
residue, the step of acquiring the ?rst extracted element 
as valid reception signal, and thereafter the step of stor 
ing the just obtained coordinate of the remote device 
While eliminating from the respective vectors DI- the N+l 
elements Which produce the vector X]. solution of equa 
tion (1); 

iv.biotherWise, if none of the above combinations pro 
vides a valid result, the step of invalidating the ?rst 
element extracted from the vector, Which represents a 
disturbance to be eliminated from that vector; 

viafter both of the above cases iv.a and iv.b, selecting 
again the ?rst element of D1. and iterating the steps i, ii, 
iii, iv, until the elements of the vector are exhausted. 

7. The method for localiZation of remote devices by their 
coordinates Within an N-dimensional system, according to 
claim 1, Wherein optimising the accuracy of the localiZation 
through the evaluation from time to time of the sound velocity 
along the (average) path from the sources to the single remote 
device, this being achieved by modifying equation (2) as 
folloWs: 

Where tlj is the arrival time delay at the j -th remote device of 
the Wavefront emitted from the i-th source, according to 
the N+2-ple (tlj, t2], . . . tN+2]-) Within the reception 
vectors (T1, . . . , TN+2), Wherein the required sources are 

N+2 and the matrix A is inverted for each computation of 
Xj Which involves vj, corresponding to the average 
velocity of sound along the path betWeen the source and 
the remote device. 

8. An apparatus for the localiZation of remote devices (3', 
3", . . . 3”’) by their coordinates Within an N-dimensional 

system, comprising: 
lia microphone that operates in an acoustical band of 

interest, used to detect a behaviour of the acoustical 
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pressure ?eld in a neighborhood of the microphone sen 
sor and the arrival of emitted Wavefronts; 

Ilia signal processing circuit including an impedance 
adaptation circuit, an ampli?er, an off-band noise rej ec 
tion ?lter; 

lllia signal recognition circuit, used to identify the effec 
tive signal among all received sounds and including a 
threshold detecting circuit, or a circuit effecting a com 
parison through the cross-correlation With a sample sig 
nal, a circuit for estimating statistical indicators, neural 
netWorks, etc; 

lVia RF transmitter With an adequate band, used to com 
municate the already occurred reception to a radio base 
unit; 

Via controller, Which manages the reception of the 
acoustic signal, the signal processing, and the transmis 
sion of the already occurred reception, 

Wherein a) an emission of acoustical pulses and b) the 
emission of radiofrequency pulse from each remote 
device (3', 3", . . . 3”’), at the time of detection of said 
acoustical Wave front by the on-board microphone, and 
c) the acquisition from the radio base (2) unit, of the 
radiofrequency signals and time delays Which are pro 
portional to the distance (dz-J) betWeen the i-th acoustical 
source (4) and the remote j-th device (3); 

comprising: 
difor each emission from the i-th source, successive 

insertion of components in a reception vector (Di), 
formed by the sequence of distances obtained from the 
product of the arrival time delays With an estimated 
sound velocity, said vector, 

iiin the absence of disturbances, having a maximum 
length M corresponding to the number of remote 
devices; 

iiiin presence of disturbances of an acoustical or electro 
magnetic kind, that could erroneously be interpreted as 
additional reception signals, being “oversiZed” accord 
ing to the noise/ disturbances, the number of evaluations 
being increased up to Ll~L2~ . . . LNH, With Li>M; 

eirepetition of the steps a, b, c, d for all N+l acoustical 
sources, in order to form N+l reception vectors; 

fithe calculation of the position Xj:(x1j,x2j, . . .xNj) of the 
j-th remote device, starting from the N+l distances d1], 
d2], . . . dN+lj, as the intersection point of N+l spheres of 
radius d7]- centred at the positions (xsi, y Si, Zsi, Where 1:1, 
2, . . . N+l), ofthe N+l acoustical sources. 

9. An for the localiZation of remote devices (3', 3", . . . 3”’) 
by their coordinates Within an N-dimensional system, com 
prising a radio base (2) that includes at least the folloWing 
components: 
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aiN+l transmitters of acoustical pulses or ultrasound 

pulses, Whose band is selected according to the localiZa 
tion accuracy requirements, to the maximum distance of 
the remote devices from the emitters, and to the noise 
lessness of the operations, Wherein the position of the 
transmitters Within the reference system is knoWn in 
advance With a su?icient degree of accuracy; 

bia radiofrequency receiver (2), suited to detect signals 
related to the positions of on board sensors and to the 
readings of on-board sensors emitted by the individual 
remote devices; 

cia calculation system for computing the positions of the 
remote devices, starting from the difference betWeen the 
acoustic pulse emission times and the reception time 
delays of the radiofrequency signal; 

dian algorithm, carried out by the calculation system of 
the radio base, Which is based on a matrix formulation of 
the position determination problem and is suited to 
determine the position of the remote devices Within the 
given reference frame, 

Wherein a) an emission of acoustical pulses and b) the 
emission of a radiofrequency pulse from each remote 
device (3', 3", . . . 3”’), at the time of detection of said 
acoustical Wave front by the on-board microphone, and 
c) the acquisition from the radio base (2) unit, of the 
radiofrequency signals and time delays Which are pro 
portional to the distance (dz-J) betWeen the i-th acoustical 
source (4) and the remote j-th device (3); 

comprising: 
difor each emission from the i-th source, successive 

insertion of components in a reception vector (Di), 
formed by the sequence of distances obtained from the 
product of the arrival time delays With an estimated 
sound velocity, said vector, 

iiin the absence of disturbances, having a maximum 
length M corresponding to the number of remote 
devices; 

iiiin presence of disturbances of an acoustical or electro 
magnetic kind, that could erroneously be interpreted as 
additional reception signals, being “oversiZed” accord 
ing to the noise/disturbances, the number of evaluations 
being increased up to Ll~L2~ . . . LN“, With Li>M; 

eirepetition of the steps a, b, c, d for all N+l acoustical 
sources, in order to form N+l reception vectors; 

fithe calculation of the position Xj:(x1j,x2j, . . . xNj) of the 
j-th remote device, starting from the N+l distances d1], 
d2], . . . dN+ 1]., as the intersection point of N+l spheres of 
radius d7]- centred at the positions (xsi, ySi, Zsi, Where 1:1, 
2, . . . N+l), ofthe N+l acoustical sources. 

* * * * * 


